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The papers of this series form a part of the general program of study 
of  the  "non-specific intoxications"  which  is  being  carried  forward 
in this laboratory.  They are concerned with an investigation of the 
systemic intoxication which develops after a suitable exposure to large 
doses of hard Roentgen rays.  These papers follow along the logical 
development of this study, based on the beginnings made by Hall and 
Whipple (3).  Reference to the paper of Hall and Whipple is necessary 
for a  review of some of the rather extensive literature of this subject 
and for a  discussion of many of the fundamental problems related to 
Roentgen ray intoxication. 
This Roentgen ray intoxication, we believe, is a  true "non-specific 
intoxication"  and  deserves  thorough  study  in part  for  this  very 
reason.  Too little study has been directed toward an understanding 
of  the  "non-specific intoxication" which often is  a  very important 
factor in many of  the so called specific infections.  This Roentgen 
ray intoxication closely resembles the intoxication of intestinal  ob- 
struction,  another important "non-specific intoxication."  We  shall 
point out some important differences between  the intoxication due 
to the Roentgen rays as contrasted with intestinal obstruction,  but 
there remain many striking similarities as emphasized by Hall  and 
Whipple (3). 
We  believe our experiments make it  clear  that  the fundamental 
thing in  the  systemic intoxication due  to  the Roentgen  rays  is  a 
primary injury of the epithelium of the small intestine.  This was sus- 
187 188  ROENTGEN  RAY  INTOXICATION.  I 
pected  by  Hall  and  Whipple  but  not  conclusively  proven.  Our 
experiments in normal dogs under controlled conditions appear con- 
vincing when exposures given over the thorax are contrasted with the 
same exposures over the abdomen.  For example, a  urdt dose  (350 
milliampere minutes) given over the thorax (abdomen shielded) causes 
no clinical disturbance in  the dog.  A  subseque.nt exposure to  the 
same unit dose in  the  same dog given over the  abdomen  (thorax 
shielded) will cause fatal intoxication and death in 4  days.  For a 
normal 30 to 40 pound dog, we may say that 350 milliampere minutes 
given over the abdomen is a minimum lethal dose. 
The outstanding abnormalities in the abdominal exposures are the 
remarkable  necroses  observed in  the  small intestine.  Large  areas 
may  show  complete  necrosis  and  disappearance  of  the  intestinal 
epithelium covering  the  villi  and  lining  the  crypts.  The  villi  are 
left as naked polyps made up of stroma, vessels, and a few wandering 
cells.  The  inflammatory  reaction  is  not  as  intense  as  would  be 
expected under such conditions with complete removal of the cover- 
ing  epithelium.  This  important point  will  be  discussed  in  detail 
in a subsequent paper. 
Regaud, Nogier, and Lacassagne  (5)  described the chronic gastro- 
intestinal lesions in dogs and noted especially gastric atrophy and intes- 
tinal perforation.  Fromme (2) noted especially the clinical symptoms 
of gastrointestinal disturbance in guinea pigs and mice.  Denis, Mar- 
tin,  and Aldrich  (1)  noted in rabbits  the toxic effect of abdominal 
radiation  and  certain  abnormalities  in  the  intestines  which  they 
state are secondary to an unknown toxic factor. 
Method. 
The  procedure  is  identical  in  all  experiments,  unless  otherwise 
indicated.  Normal dogs are used throughout and are kept in standard 
metabolism cages which have sharply pitched floors to facilitate the 
collection of urine.  To  insure  the  acidity  of  the  cage  collections, 
about 1 cc. of glacial acetic acid is added to the cage collecting bottle 
at the beginning of each 24 hour collection.  The dogs are catheterized 
daily  at  10  o'clock.  The  cage  collections,  cage  washings, bladder 
washings,  and  catheterized  urine  are  mixed  and  diluted  to  a  unit 
volume--usually 2 liters.  The total nitrogen is then done in dupli- S. L. WARREl~  AND  G. H. WHIPPLE  189 
cate by the Kjeldahl method.  About 300  cc. of warm water is given 
daily by stomach tube as a  routine procedure after the dog is cathe- 
terized.  Water is available at all times in the cage. 
Dogs  are  given  a  subcutaneous  injection  of  morphine  shortly 
before exposure to radiation.  A medium hard Coolidge tube is used 
with  the  target  (anode  or  anticathode)  set  at  a  constant  distance 
of 10 inches from the skin.  At this distance the effective radiation 
for this machine covers a circle approximately 6½ inches in diameter. 
The  current strength  used is  either  7.5  or  8.0  milliamperes.  The 
E.M.F.  varies  considerably  in  different  experiments  from  85  kilo- 
volts  to  103  kilovolts.  The  spark-gap  backing  up  these  voltages 
varies  also,  measuring from 8½  to  10  inches between sharp  points. 
The amount of radiation is calculated as the product of the current 
strength in milliamperes and the time of exposure in minutes and is 
expressed  as  milliampere  minutes.  In  all  these  experiments  the 
standard autotransformer x-ray equipment of the University of Call 
fornia Hospital is used.  Aluminum filters (2 ram.) are used to cut out 
the softer rays.  The various parts of the dog were effectively pro- 
tected from radiation,  when it was so desired, by sheets of lead-foil 
approximately 2  ram.  thick,  or by lead "rubber," approximately 5 
ram. in thickness. 
The body of the dog is marked off roughly into  two parts  by a 
transverse line at the level of the xiphisternum.  The part between 
this line and the base of the neck is designated as the thorax,  that 
below as the abdomen.  Each of these parts is then divided into an 
upper and lower half.  Each upper and lower segment of the abdomen 
or thorax is radiated from the lateral and midventral aspects.  Thus 
the ventral portion of the abdomen or thorax is exposed to radiation 
over six  different areas whose contiguous edges  overlap  somewhat. 
Usually one exposure is gi~cen over the middorsal region of the thorax 
or  abdomen,  causing the  total  dosage to  be  divided up  into  seven 
parts, which, however, are spread rather diffusely over the part of the 
body  involved.  All  dogs  are  sacrificed under  chloroform  or  ether 
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EXPERIMENTAL  OBSERVATIONS. 
Some  of  our  typical  experiments  are  tabulated  below  and  makc 
several  points  quite  clear.  However,  we  wish  to  refer  to  other 
experiments  of  similar  nature  given  in  subsequent  papers  of  this 
series.  These  experiments  are  all  in  agreement  and  indicate  that 
enormous  doses  of  Roentgen  rays  may  be  given  over  the  thorax 
without  causing  any clinical  reaction  in  a  normal  dog.  Dogs have 
been given amounts of radiation varying from 300 to 512 milliampere 
minutes  over the  thorax  without  any  clinical  symptoms.  One  dog 
(No.  19-117)  was given 350 miUiampere minutes over the thorax  on 
three separate occasions with intervening periods of 2 to 3 weeks; all 
this  without  any  apparent  cumulative  effects  or  clinical  reaction. 
There  is  usually  a  slight  transient  leucopenia  and  there  may be a 
very slight rise in total nitrogen excretion.  After 2 or 3 weeks,  the 
skin shows loss of hair  and pigmentation as a  result of the exposures. 
The ribs of the animal examined at autopsy show a  considerable loss 
of marrow  cell elements.  We have been able to recognize no other 
results from these large doses of x-rays over the thorax. 
Dog 19-78  (Table I) is a  typical example of a  complete experiment 
to show that  a  unit dose of x-rays is clinically inert  over the thorax 
but lethal when given over the abdomen.  The thorax dose causes a 
definite  leucopcnia  but  no  clinical  disturbance.  That  the  second 
dosc does not cause as much of a leucopcnia, we believe, may be due 
to the tissue injury in the small intestine. 
The  radiation  over the abdomen causes a  typical clinical  reaction 
and the review of this case will suffice for all subsequent experiments. 
This clinical reaction is remarkably constant and is described in detail 
below (Dog 19-78).  The latent period of 24 to 36 hours is noted as 
usual and will be discussed later.  The rise in total urinary nitrogen 
is not great but is significant.  The figure for the last day includes a 
certain amount of fecal contamination. 
Dog  19-78.  Clinical History  and  Autopsy  (See Table I). 
Jan. 27.  The dog is isolated on fasting diet.  The animal is in good condition 
and quite active. 
Jan. 29.  The abdomen is covered with lead-foil well up to the level of the 
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side, and one over the midscapular region.  Each area exposed covered a patch of 
skin approximately 5 inches square.  Morphia (i gr.)  is given to  keep  the  dog 
quiet during the exposure.  The current strength is 7.5 milliamperes at an ~. ~¢. IP. 
of I00 kilovolts with the spark-gap set at 9 ~  inches.  2 mm. of aluminum  filter is 
used and the tube is set at a target-skin distance of I0 inches. 
TABLE  I. 
Roentgen Radiation. 
Unit Dose Given over Thorax and Subsequently over Abdomen. 
Dog 19-78.  Adult, female. 
Dat, 
~8 
Mar. 15 
"  17 
"  18 
Mar. 18 
Mar. 19 
"  20 
"  21 
"  22 
White  Urine. 
Weight.  blood  eor-  Diet.  Remarks.  puscles 
per  c.  ram. Volume.  Total  N. 
Ibs.  co. 
26.0 
26.0  7,600 
Jan.  29  3 mil]i  ere 
30 258 18, 01  I  31  24.514,100  I 
Feb.  1  23.8  I  4,600 I 
2  23.3  ]  4,600] 
"  3  23.0  I  -  [ 
"  8  27.0  5,400  [ 
"  21  28.3  ]  7,400[ 
Experiment ended. 
Water.  Good condition. 
X-rays, 350 milliampere minutes, given over thorax.  Abdomen shielded. 
M 
Water. 
Mixed. 
¢c 
cc 
Dog normal. 
Dog normal. 
Dog normal. 
Dog normal. 
28.9 
27.8 
27.3 
7,800 
7,600 
8,000 
M 
260  2.74 
305  2.68 
Wayr.  Dog normal. 
Dog normal. 
X-rays, 350 milliampere minutes, given over abdomen.  Thorax shielded. 
26.8  6,400  290  2.83  Water. 
26.6  7,000  265  2.74  " 
25.9  7,200  240  3.00  " 
25.0  3,900  --  5.63  " 
Chloroform anesthesia and autopsy at once. 
Dog normal. 
Inactive. 
Vomitus and diarrhea. 
Moribund. 
Jan. 30.  Dog remains normal during entire experiment (see Table I).  There 
was a slight transient leucopenia.  Dog was on mixed diet until the second experi- 
ment, also given in Table I. 
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Mar. 18.  Dog given  ½ gr. of morphia  1 hour before  exposure  to  radiation. 
The thorax and head and neck are  thoroughly screened with  lead-foil down  to 
the tip of the xiphisternum.  Seven areas are exposed, two midventral, two on 
each lateral surface, and one midlumbar.  The  current strength  is 7.5 milliam- 
peres at an E. ~. P. of 95 kilovolts, backed by a  9½  inch  spark-gap.  The  radia- 
tion is filtered by  2  mm.  of aluminum.  The  skin-target distance is  10  inches. 
There are no immediate after effects from exposure to 350 milliampere minutes. 
Mar. 19.  The dog is bright and active. 
Mar.  20.  Slight evidences of intoxication are  manifested by  the  dog--one 
soft, yellow, watery stool. 
Mar. 21.  The intoxication becomes marked in the afternoon.  The diarrhea 
has progressed from brownish, watery material to tarry, black mucous or bloody 
mucous  material with  a  very foul odor.  Vomitus increases in amount and fre- 
quency during the day. 
Mar.  22.  The  animal is very weak and  dull.  In  the  afternoon, the dog is 
completely prostrated.  The  stools  have  become  very  frequent  and  of  large 
volume.  The  pulse  is  irregular  and  thready.  The  temperature  has  risen  to 
40.2°C.  The  respirations are  rapid  and  irregular.  The  animal  is  practically 
moribund and is sacrificed under chloroform anesthesia. 
Autopsy.--Performed immediately after death by chloroform.  The hair over 
the thorax is thinned.  It is absent over the sternum where the skin is somewhat 
pigmented from previous exposures to radiation.  Pleural cavity, heart, and lungs 
are normal.  Peritoneal surfaces are normal.  Spleen is somewhat granular in ap- 
pearance, hard and  firm,  normal in size.  On  section, the trabecul~e stand out. 
Mesenteric  glands  slightly  enlarged  and  moist--somewhat  pinkish  in  color. 
Kidneys  normal  in  size  and appearance.  Bladder contracted; it shows a few 
ecchymoses in its mucosa  (catheter).  Liver is normal.  Adrenals are somewhat 
enlarged; apparently normal except for a  small necrotic mass in the left adrenal. 
Stomach contains gas and about 20 cc. of a  bile-stained fluid.  The mucosa is 
pale and normal. 
Duodenum is somewhat thick-walled and spastic.  The lumen contains many 
large,  round  worms  and  a  small  amount  of  reddish-black mucus.  Beginning 
sharply at a point approximately an inch distal to the pyloric valve, the mucosa of 
the duodenum presents a  dark red glassy appearance.  On this background run 
several longitudinal folds with bright red hemorrhagic crests.  Numbers of small 
bright red petechi~e  show up between these plic~e on the dark, glassy surface. 
The reaction in the jejunum seems less intense, for here the mucosa is paler and 
the plic~e are not so conspicuous though they can be distinctly made out. 
Ileum contains a  small amount of reddish-black mucous  material  similar  to 
the stools, and a few round worms.  The intestinal wall is thin and rather flaccid 
and on close inspection the intensely hemorrhagic mucosa surface seems to have 
been  denuded  of most  of the villi as  the  velvety appearance is lacking.  The 
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patches seem to be stripped of their villous covering so that they show up readily 
as  speckled  oval  patches.  The  ileocecal valve  marks  an  abrupt  end  of  this 
extensive injury. 
Colon mucosa is pale, though a few longitudinal, hemorrhagic folds are present. 
The walls are spastic and the lumen contains a small amount of reddish fluid. 
Histological Sections. 
Lungs, heart, liver, pancreas, kidneys, bladder, uterus, and stomach are nega- 
tive.  The  mesenteric lymph nodes are slightly hemorrhagic and  contain  some 
pigment.  The  spleen  is  moderately  atrophic  and  contains  pigment.  In  the 
ovary the ova are apparently dead, though nucleoli and chromatin remnants are 
still present within the nuclear membrane. 
Pyloric duodenum: a  section shows the transition from  normal  intact pyloric 
villi to  collapsed and denuded villi with remnants of dead epithelium and some 
regenerating epithelial cells undergoing mitosis.  Some areas have escaped injury. 
Jejunum:  destruction and disappearance of the epithelium of villi and crypts; 
a  few  crypts remain,  otherwise  the normal structure  is gone.  The epithelium 
around these crypts shows mitotic figures and these are apparently regeneration 
forms.  Large pale epithelial cells stick out into the lumen of the crypts.  Their 
cytoplasm is finely meshed and is decidedly eosinophilic.  The nuclei are rather 
large and pale and frequently contain mitotic figures.  A large amount of hemor- 
rhage has occurred in the submucosa, and blood vessels are occasionally found 
plugged with thrombi of fibrin and platelets.  On some areas a very thin sheet of 
epithelial cells can be seen making an attempt to recover the collapsed ~lli. 
The ileum shows extreme injury, with the disappearance of the greater part of 
the crypt and villous epithelium.  Strenuous attempts at regeneration are being 
made by remnants  of the epithelium which shows many mitotic figures and is 
found clumped in little groups or sheets as if these groups were descendants of 
one or two surviving cells of the original epithelium. 
The colon shows some mucoid degeneration and slight necrosis of the tips of a 
few villi, with evidence of repair. 
Dog 19-85.  Clinical History and Autopsy (See Tables II and IV). 
Dog  19-85  received 300  milliampere minutes over the  abdomen  (Table IV) 
which was  followed by diarrhea and vomitus and prostration.  She recovered. 
1 month  later she was given 350  milliampere minutes over the thorax with no 
effect  (Table II).  A  month  later  (2  months  after  the first exposure)  she was 
given 350  milliampere minutes over the abdomen with fatal result  (Table II). 
Mar. 2.  Dog  fasting  since  Feb.  28. 
Mar. 4.  Dog given  {  gr.  of morphia  1  hour  before  exposure  to  radiation. 
Lower part of body screened up  to xiphisternum by lead-foil 2 mm.  thick; 350 
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rent strength of 7.5 milliamperes is used at  103 kilovolts and backed up by a 
9~  inch  spark-gap.  A  2  ram.  aluminum filter is used.  Skin-target distance 
10 inches.  The total time of exposure is 46.6 minutes.  There are no apparent 
after effects  from the x-ray exposure. 
Mar. 5 to 8.  The dog remains clinically normal. 
TABLE  II. 
Roentgen  Radiation. 
Unit Dose  over Tkorax Negative  but Subsequent  Unit Dose  over Abdomen' Lethal. 
Dog 19-85.  Adult, female. 
Date. 
Mar.  2 
*c  3 
cc  4 
White  *" hn 
blood eor- [  ur  e. 
puseles  Weight.  pere.mm.  Volume.  TotalN__ 
24.7 
24.4  7,800  ]  355  2.04 
24.1  6,s0o [  31o[1.71 
Diet. 
Water 
Remarks. 
Good condition. 
Dog normal. 
Mar.  4  X-rays, 350 milllam ~ere minutes, given over thorax.  Abdomen shielded. 
Mar.  5 
"  6 
"  7 
cc  8 
~c  9 
23.8  6,600 
23.4  8,000 
23.2  5,400 
22.9  6,800 
22.8 
Experiment ended 
290  1.90  Water. 
325  1.79 
325  1.96  " 
--  --  cc 
Mixed. 
Dog normal. 
Max. 30  25.0  --  --  --  Water.  Dog normal. 
"  31  24.6  440  2.07  " 
Apr.  1  24.1  7,400  325  1.90  "  Dog normal. 
Apr.  1  X-rays, 350 milliampere minutes, given over abdomen.  Thorax shielded. 
Apr.  2 
"  3 
"  4 
cc  5 
23.4  7,300  300  2.13 
23.1  5,800  290  1.90 
22.8  7,200  240  2.07 
22.1  5,400  275  3.16 
Ether anesthesia and autopsy at once. 
Watcer. 
~c 
Dog normal. 
Diarrhea and vomltus. 
Severe intoxication. 
Mar. 30.  Dog has remained normal since the exposure over the thorax.  There 
is some depilitation and pigmentation of previously exposed areas.  Dog fasting 
for past 3 days. 
Apr. 1.  Animal given J gr. of morphine 1 hour before exposure; 350 milliam- 
pere minutes of radiation spread diffusely over the abdomen in six areas, all ven- 
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is 7.5 milliamperes at an ~.. ~. ~'. of 90 kilovolts, backed up by a 9 inch spark-gap. 
A  2  ram.  aluminum  filter  is  used.  Skin-target  distance  10  inches.  There are 
no clinical after effects which could be attributed to the radiation. 
Apr. 2 and 3.  The animal is active and lively. 
Apr. 4.  There is quite a large volume of yellow, semifluid feces and some bile- 
stained  vornitus  throughout  the  morning.  Intoxication becomes more marked 
in the afternoon.  The pulse is regular, but of low tension. 
Apr. 5.  Greenish-brown,  semifluid  stools  and  bile-stained  vomitus  appear 
regularly  throughout  the day.  In the afternoon,  the stools are  tarry and vile 
smelling.  In general, the stools appear to contain digested or partly digested red 
blood cells, mixed with mucus.  The vomitus at no time contains any blood, but 
is made up of a rather opalescent fluid containing thick, stringy mucus, which at 
times is bile-stained.  The animal is markedly intoxicated, especially during the 
afternoon.  Dog is able to walk but quite weak and ceases to respond voluntarily. 
The animal is not moribund and might survive, but in all probability would die 
during the night.  Ether anesthesia and autopsy at once. 
Autopsy.--Body  fat well preserved.  Pleural  cavity and  thoracic viscera are 
negative.  Peritoneal  cavity contains  no  fluid  and  the  peritoneal  surfaces  are 
normal.  Liver, spleen, pancreas, adrenals, kidneys, and genitourinary tract are 
negative. 
Sto~ck contains about 20 cc. of bile-stained,  frothy mucus, corresponding to 
the vomitus of the past 2 days.  The mucosa is pale and apparently negative. 
Small intestine is somewhat spastic and contains a  small amount of greenish- 
brown mucous material. 
Longitudinal folds with hemorrhagic crests are conspicuous in the duodenum. 
These fade out and disappear in the upper jejunum.  In both the duodenum and 
ileum,  there are patches or clusters and streaks of tiny ecchymotic specks in the 
mucosa.  The superficial necrosis is not very extensive  but  stands  out in  con- 
trast to the normal patches of mucosa in the jejunum and upper ileum, which are 
pale and velvety and apparently undisturbed. 
Colo~ is  negative. 
Histological  Sections. 
Lungs, liver,  pancreas,  kidneys,  adrenals,  bladder,  and  uterus  are  negative. 
Ovary: the ova are dead, the nuclear material is broken up, and the cytoplasm is 
foamy.  Spleen:  atrophy of the MMpighlan bodies and pulp dements; a few frag- 
mented nuclei are seen.  Stomach: normal.  Duodenum: irregular  and  patchy 
injury of villus structures is apparent.  In injured areas,  there are evidences of 
mitosis and rapid growth 'of epithelial cells and some infiltration of the area by 
polymorphonuclear leucocytes.  The irregularity of the injury is especially noted 
in the sections from the jejunum. 
Ileum  shows  extensive  injury  and  destruction  of  villous  epithelium.  The 
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growing epithelial cells apparently regenerating in an effort to cover the denuded 
areas.  Polymorphonuclear and  mononuclear leucocytes  are  rather  numerous 
at the bases of the crypts. 
Colon shows  a  certain amount of mucoid degeneration and here and there an 
occasional  focus  of  polymorphonuclear infiltration especially  under  the  areas 
where the epithelium is injured. 
Dog 19-101.  Clinical History and Autopsy  (See Table III). 
Feb. 17.  Dog is active and in good condition. 
Feb. 21.  ~ gr. of morphia is given i  hour previous to the radiation; 117 mil- 
liampere minutes of radiation are given with a current strength of 7.5 milliamperes, 
Dog 19-101. 
TABLE  HI. 
Roentgen  Radiation. 
350 Milliampere M~utes over Thorax Negative. 
Date.  Weight 
lbs. 
Feb. 17  34.0 
"  20  31.0 
"  21  30.4 
White 
blood cor. 
pusc!es 
per C. rnm 
8,000 
7,800 
Urine. 
Diet. 
Volume.  Total  N__  __ 
co.  g•. 
--  Water. 
I  I 
Remarks. 
Dog normal 
Feb. 21  X-rays, 350 milliampere minutes, over thorax.  Abdomen shielded. 
Feb. 22 
"  23 
"  24 
"  25 
"  26 
"  27 
"  28 
30.1 
30.0 
29.1 
28.8 
28.1 
28.1 
27.8 
7,300 
7,900 
5,600 
7,300 
7,600 
7,400 
6,900 
415 
605 
565 
605 
408 
370 
335 
3.02 
2.86 
2.69 
2.52 
2.49 
2.24 
2.21 
Experiment ended. 
Apr.  11  31.3  I  7,6001  --  -- 
Ether anesthesia and autopsy at once. 
Watcer. 
~c 
Dog normal. 
Dog normal. 
at an E. xf. ~-. of 103 kilovolts.  It was then found necessary to give the remaining 
233 milliampere minutes at a current strength of 10 miJliamperes with an E. ~r. ~-. 
of 90 kilovolts.  2 mm. of aluminum filter used, spark-gap of 9 inches between 
sharp points.  The skin-target distance is 10 inches. 
Apr. 7.  Dog is exposed to 450 milliampere minutes of radiation over the abdo 
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A~opsy.--The  pleural  and  pericardia/  surfaces  are  moist  and  shiny.  The 
heart and lungs are negative.  The other changes do not concern the experiment 
given in Table IIL 
Dog  19-50.  Clinical  History  and  Autopsy. 
To be contrasted with Table III; a  control experiment over the abdomen. 
Feb. I0.  Dog active and normal; fasting. 
Feb. 11.  i  gr.  of morphia 1 hour previous to radiation; 340 milliampere min- 
utes are spread over the abdomen in the usual seven areas; screening of the thorax 
and  lower pelvis with  lead-foil.  A  current  strength  of 7.5  milliamperes  at  97 
kilovolts is backed up by a  9½  inch  spark-gap;  2 ram.  of aluminum filter  the 
radiation.  The skin-target distance is I0 inches. 
Feb. 12.  The  dog  is  lively  and  active.  A  small  amount  of  white  frothy 
vomitus and some fluid brown feces appear on this day. 
Feb. 13.  There is evidence of slight intoxication.  The pulse tension is low. 
The vomitus is of large volume, as much as a pint in an hour, and is deeply bile- 
stained.  The diarrhea is frequent but scanty in amount and consists mostly of 
blood.  At times, it is black, thick, and tarry.  The dog is quite weak. 
Feb.  14.  The intoxication is quite severe.  The animal is weak.  The pulse 
is of low tension and quite irregular.  The vomitus is large in amount and deeply 
bile-stained.  The diarrhea is profuse and frequent.  At times, the fecal material 
seems to be made up practically of pure blood and contains many clots.  Again 
it may be tarry and vile smelling.  The dog is comatose and is sacrificed under 
ether  anesthesia.  Autopsy  at  once. 
Autopsy.--Thoracic  viscera  and  serous  surfaces  are  negative.  The  liver, 
spleen,  adrenals,  kidneys,  lymph nodes,  and  genitourinary  tract  are  negative. 
The pancreas shows a few small fat necroses. 
Stomach: filled  with a bloody mucous material; mucosa pale and normal. 
Small intestine is spastic and contains a  small  amount of bloody fluid.  The 
mucosa is a dull red, darker in the duodenum, lighter in the ileum.  Longitudinal 
folds withhemorrhagic crests are evident in some sections, especially the paler 
sections of the lower jejunum, but they are masked in the duodenum by the intense 
dark dull red of the mucosa there.  The intestinal  wall is thin,  apparently  due 
to much loss of substance in the mucosa.  This is especially marked in the ileum. 
Colon and cecum contain a bloody fluid.  Their mucosa is in general pale. 
Histological Sections. 
Liver, kidneys, adrenals, uterus are normal.  Spleen shows some pulp atrophy 
and prominence of the reticulum  Pancreas contains a  few fat necroses in one 
section, otherwise it is normal.  In the ovary, the chromatin network of the ova 
is broken up,  though the nucleoli are still present.  The ova in general appear 
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Stomach and cdon are normal. 
Small intestine presents the usual picture of necrosis and destruction of villous 
and crypt epithelium, regeneration of epithelium with mitotic figures, and infil- 
tration of polymorphonuclears into the bases of the crypts. 
In the ileum the ~lli show only a naked retienlum with a few groups of regen- 
erating epithelial cells and the lymph follicles.  The blood vessels in the mucosa 
are frequently thrombosed. 
The mesenteric lymph nodes are filled with red blood cells and polymorphonu- 
clears and phagocytic cells containing cell debris and pigment. 
Dog 19-85. 
TABLE  IV. 
Roentgen Radiation. 
Sublethal Dose over Abdomen. 
Date. 
White 
blood  cor-  Weight.  pu~:les  per 
lbs. 
25.0  8,000 
Diet.  Remarks. 
Feb.  4  Water.  Dog normal. 
Feb.  4  X-rays, 300 mil!~mpere minutes, over abdomen.  Thorax shielded. 
Feb.  5 
"  6 
"  7 
cc  8 
"  9 
"  10 
"  11 
"  20 
24.5  6,000 
24.0  8,000 
23.5  3,400 
23.3  8,400 
23.0  5,800 
23.0  7,800 
22.5  5,400 
25.0  7,400 
Water. 
c¢ 
c~ 
gc 
Mixed. 
Dog normal. 
Inactive. 
Vomitus and diarrhea. 
No diarrhea or vomitus. 
Clinical improvement. 
Good condition. 
Dog 19-85.  Clinical History (See Table IV). 
Feb. 3.  Dog active and in good condition; fasting. 
Feb. 4.  ½ gr.  of morphia  given 1 hour before radiation.  The upper part of 
the body above the level of the xiphisternum is screened by 2 ram. of sheet lead- 
foil.  Exposures made over the abdomen and pelvis in seven parts.  The current 
strength is 7.5 milliamperes at an E. M. •.  of 100 kilovolts, backed up  by  a  9½ 
inch  spark-gap.  The  radiation is filtered by 2  man.  of aluminum.  The  skin- 
target distance is 10 inches.  The total exposure time is 40 minutes--300 milliam- 
pere minutes.  The dog is clinically unaffected by the exposure to radiation. 
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Feb. 8.  The animal shows a slight degree of intoxication.  The vomitus which 
appears is mostly a clear frothy mucus.  Diarrhea is brownish and scanty. 
Feb. 9.  Mild intoxication; no diarrhea or vomitus. 
Feb. 10.  From this date, recovery to normal is rapid. 
DISCUS  SION. 
At the very start of this discussion, we wish to point out the fact 
that  these experiments concern normal dogs and not human beings 
suffering from disease, for example leucemia, cancer, and so forth.  We 
feel that these experiments are less complicated for this very reason 
and  may give  us  the  opportunity  to  correct mistaken impressions 
gotten from the complex reactions which may result from Roentgen 
radiation of a diseased human being. 
Our  negative results  of thorax  radiation  (up  to  512  milliampere 
minutes) are of interest in ruling out convincingly certain of the body 
cells which have been suspected as causative factors in  the general 
Roentgen  ray  intoxication.  For  example,  these  enormous  doses 
given over the normal thorax must injure more bone marrow cells 
than  do  the  abdomen  exposures.  The  ribs  and  thoracic  vertebne 
surely contain more units of red marrow than do the lumbar verte- 
brae.  Examination of the rib marrow some days after an exposure 
shows almost complete disappearance of red marrow cells, so we know 
that  this  reaction has  taken place,  yet there is  not a  trace of any 
clinical disturbance.  This  rules out the red marrow as  a  factor in 
the characteristic systemic disturbance noted in our experiments. 
These  same  arguments  apply  to  lymphatic  tissue.  The  lymph 
glands in thorax and abdomen usually show some loss of ceils but not 
to any very great extent.  It is significant that Peyer's patches in the 
intestine may show only moderate injury when the epithelium covering 
the lymph follicles and lining the crypts has completely vanished due 
tothe  x-ray injury.  In  our  experiments,  therefore,  the  intestinal 
epithelium is much more sensitive to injury than are the cell elements 
of the lymph gland and Peyer's patch. 
The spleen of the dog is not profoundly affected by the Roentgen 
radiation.  For one thing, it is not as cellular as the human spleen, 
but we feel that the normal spleen ceils are not easily destroyed by the 
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spleen with  shrinkage  of the  Malpighian  corpuscles,  but plenty of 
lymphocytes remain even after intensive radiation. 
The thorax exposures, of course, cover the heart and lungs, which 
may be dismissed without comment.  This  area also includes a large 
part of the circulating blood.  We conclude, therefore, that the x-rays 
have no injurious effect upon the circulating blood cells. 
The  thorax  exposures  therefore  rule  out  several  factors  which 
at one time or another have been thought to be responsible for the 
general  systemic intoxication--red  bone  marrow,  lymphatic  tissue, 
and circulating blood.  We may now consider the various tissues in 
the abdomen which may be responsible for the fatal reaction following 
large doses of the x-rays. 
The kidneys are very slightly disturbed,  as  is  shown in  a  paper 
of this series (McQuarrie and Whipple (4)). 
The liver is not concerned and we believe can be ruled out without 
question.  There is no histological evidence of injury, but more than 
that, there is no evidence of functional disturbance.  Dogs with bile 
fistulm show no disturbance in function and no change in the level of 
bile acid and bile pigment output. 1 
The  pancreas  and  adrenals  show  no  histological  evidence of in- 
jury by the x-rays.  We know of no functional disturbance which may 
be attributed to these structures. 
The gastrointestinal tract is remarkably sensitive to the Roentgen 
rays.  In  subsequent  experiments,  we  shall  review  the  remarkable 
ulcers which can be produced in  the stomach, but as a  whole,  the 
stomach and  colon are considerably more resistant  than  the  small 
intestine. 
The epithelium  of the small intestine from the pylorus to the ileocecal 
valve is  remarkably sensitive  to  the  Roentgen rays.  These  doses 
used will cause necrosis of this epithelium with practically complete 
disappearance.  We  believe  the  symptoms of intoxication  and  the 
final lethal poisoning are due to this injury of the intestinal epithelium. 
We need not refer to the severe intoxication which develops following 
a  functional disturbance of this same epithelium (intestinal obstruc- 
tion).  We may infer that the x-rays may produce sublethal injury 
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to this intestinal epithelium which may be responsible for a  variety 
of disturbances associated with gastrointestinal symptoms. 
SLrMMARY. 
Roentgen  radiation  of  the  thorax  (abdomen  shielded)  in  dogs, 
even  with  large  doses  (up  to  512  milliampere minutes),  gives  no 
clinical evidence of intoxication.  There may be  a  transient leuco- 
penia and a slight rise in urinary nitrogen. 
Roentgen  radiation  of  the  abdomen  (thorax  shielded)  in  dogs, 
with a dose of 350 milliampere minutes, will almost certainly cause a 
fatal intoxication.  Smaller doses may be survived but usually with 
signs of gastrointestinal intoxication. 
This  lethal  intoxication  due  to  abdominal radiation  presents a 
remarkably  uniform  clinical  and  anatomical  picture.  There  is  a 
latent period of 24  to  36 hours,  during which the dog is perfectly 
normal  clinically.  The  2nd  day  usually  shows  the  beginning  of 
diarrhea and perhaps some vomitus.  The  3rd  and  4th  days  show 
progressive intoxication with increasing vomiting and bloody diarrhea 
until  the dog becomes stuporous.  Death  is  almost always  on  the 
4th day. 
Anatomically the only lesions of significance are to be found in the 
small intestine.  The epithelium of the crypts and villi shows more 
or less complete necrosis, and this condition may involve almost all of 
the small intestine.  The epithelium may vanish completely except 
for a few cells here and there which have escaped and are often found 
in mitosis, probably an effort at repair and regeneration. 
We  are  forced  to  the  conclusion that  this  remarkable  injury of 
the epithelium of the small intestine is  responsible for  the various 
abnormal reactions and final lethal intoxication which follow a  unit 
dose of Roentgen radiation over the abdomen of a normal dog.  This 
sensitiveness of the intestinal epithelium to x-rays is not appreciated 
and should be given proper consideration in clinical work. 
In conclusion we wish to express our sincere appreciation for the 
assistance and advice given us  by members of the  Department of 
Roentgenology of the University of California Hospital--Drs. Howard 
E. Ruggles, Lloyd Bryan,  Orrin S.  Cook, and Elizabeth Schulze. 202  I%OEINTG]~Iq RAY  INTOXICATION.  I 
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